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(54) mwozm *wmm®&m&<o®mjjm 



(57) [«*J] 

MI Sh?>VX**:mTZ!¥m&MMtt&*tc*s^ 

i s bv^tsxfvimmm 2 b±ois^a^i^M 
7 c r . zvmmictmt/XDis ';t-f Kin* 
Bf&?2>o — y*!iiAim mi s h7>y^ 

1 2 b ±{c-> y If -f KS 1 4 *^fiS-frJ*. 

■5-n*issis^^jg7t?ac\ x^-ti 3> s^y-y- 



B 1 7 



A3 



il^Tr-t^Wi-^nTii.Ir 1 - 




t ^^ > 0 3 - 1 5 8 1 9 5 

m^m^mm) n • tc$s^-c. mmzmttm&ommicmmmimwsiitix 

nmm 1 1 (a) an &iiM©rti»^isfefc'' 4* s j|$^2 9«aft 1 w»*#at*i«£, < f ) 
Mci4»s!(i, «riea»©si©rtap«:ai 1 5 &K£frejii i *»k-©t4b Jctmeai 2 mm*m 
nm-r&xwt. ( b ) mmmm&mfc<D$mic. mm wiaa»2iBi»jR*i»*r*isi. <ar)WE¥ 

a? 1 iMMtJ: 0 *>jt»«*©W(,»*2 «»r*«bjw-* *#£®±ttigia.££mM&ii«Tsi«£ » < h > «r 

xe 4 . ( c ) mssai 2 *g»i_Bcat 1 m#K*Bm? teai 1 «««c*si »r . mmmmwm^mm^mmm 1 

sxe4. ( d ) ffqffem 1 «t>j-©Piia©«««:*»c» aiw*ji-4fiHE» 1 **« 4 sjrwcc 

^scciuism 1 wmm tsmom 2 «ms©m 1 *mi ^mwmmm'mmm.(omm^m . 

£*A*£Xg4£*tr-SC4*!|#g44-r 10 [Mt3$B8] W*^ 7 1 etg©¥«^*fS@3§^S©SS{ 

0Kiai©«)i*ffi. Jt*tt{c*jc>r. buIBXS (e) 4 (f) 4©R8k:. $ 

[ it ^» 2 ] mm i iBi£©¥»**aiHi5s^M©s[ 6 k . ( i ) Baia¥«»a«±{c» 3 «&tsM*?&?£-r s 

Jt*ffi{c*Jt»r v S6tc. ( e ) f9£¥iM*£tiLBc& Hi, ( j ) fflizm 3&®micm%&x- » 9->#*n 

3mm<mzBj&-?ziMt, ( f ) MiBar 3 j&ftitecB u mrtam 1 m#R-<D&mtcm 1 fi'M^w. area* 2 

^tt x ^ > l , mmm 1 3*f&t©M&ccflHSfl6 **#©«««:* 2 mmmm^^mr^xmt *^t? 

JtLfcfgK:. tutE*2»<*a«©«a«BUlB^2^)g-C [ff*^9] fi#*8fBtg©¥»*««[5I88Slg©K 

■*>m:t>*C4*««4f *#3W*JlffllHHatflK)« jft#tt«:*»l,vc. ffflBXg (j) 4 (f) 4©fHfC. 3 

6 K . ( k ) wilB*S<*a«©*ffi© MIB^ 1 fldfilfiitt 

[i»*5i3 3 f»^2fB*£©*«i**si5i?§iig©« 20 mtw&mi&mmtK&ztiizmw. *3£zm&m2 

JS^ffiJcfc^T. l(rKfll3l8«KiLriMfcJ«*Jgja-r flBM6»BI4«r8Eail«l»il4K:«*ti*:«*«:. 112 

set -r -5^WMMiHH»i«©iMs^ra. *itM©ar 2 *««*3iiat sigi **tf c t zmm 

[»*ai4] it*^2fBis©**f*a^iii^g©s« <t-r^*»^a@s§^g©^^i*o 

iMicfe^T, 3 6cc. ( g ) mm^m»mm<mm [a*uo] 1*^097 ctto^ftmoKsaaE© 

©IWETOffilWit«bWffiiBll&l»JRi«:»*ti*:«W «JS*ffitc*Jl>r. «WBX«(b> 4 ( c ) 4©WK:. 

{C. iWE»2|6««*»Lfc«*rj|l2ai«a!©SI2^ 36tC. ( 1 ) ffiizm 1 M^©»iriB¥^*«©*ffl{C 

*B»**A-r&IS*^tiCi*««tr-5^N»ft«ffll ^ya>MfM*J&i«-*Ig*£f*. OTIB» 1 «W"C 

HIKilS©*f3t^ffio «. MfB0 2 MMtK«miB^ U ^ >^tj»£:fl- b TwfB 

[»3R3i5] »*iS4ifit8©¥#ft««iHiss^s©^ *aii**s±(c^3ti, msm zmmva. mmm2 

ISffiKte^t, 3 ( h ) lufB¥«i**S©^ffi 30 i^J!tM{il>fiBi'';3>^bM : Sr^T^C<i:%<HUlB^ 

©ftiefflSttaKit i m faai i i «ci* t titcfmm wmm<Dmm^m z*iz>ct*w®.t?*> mtmm 

«t -r **iiwt««iHiii8««©«ji*ffi. b s ti~c & & c 4 zftmt-rz^mitfimmv&mstDm 
i nim 6 ] wm 1 iBis©¥«»nif[5is§^g©isi 

a*jss(c*»c>-c . met* i *f*m* ^> y =< >y^v^ imm 1 2 ] w*^7 iB«©^i*»a@s§iig© 

ct^nmtt^mw»mM^s<Dm^m. 40 M^ca?3^,«sig*Jtfii-r^xg4, (n)Mia^i« 

[in** 7] (a) ^<Dmm< l cmim®i5j:vm2m mic*s^-c, m%&m3mb.mt3-v?-is{f*mb. s>ria 

1 ^mM©*z»^a«^«(i-r^>xs<!:. « 1 «#jt£iwiBai 1 «:j>5$ titctmtcm 1 w 

( b ) tuisai 1 is&vm ®m<D%mimfc<Dmmic® nzj&m-t sx«4 . < o ) wi3*2 ««tc*»c»-c. «« 
«©**«« flWBW»©«©rtsi5{c» 1 &mz®Mmtex.*j*is#*mb, mmm2M^tm 

(S-r-sxfii. (c) HuiB®ifccko'a?2$i^©^iift iB»iiftw«t«:**ti3't«««:*2iiin*jgjs£-r*x 

»«©*H(c huib^ 1 tttuR <t 0 & itf!«¥©ifti>ft s<t . ( p ) Miaai 1 HPtc* 3 ssftcit. Htriam 2 

2i&w«*»fiR-r4xg4. ( d ) mmm immomu «c»4*#K-*«j«-r*xii4**tfC4*i*«4-r* 

a? 2 *g#i®±Kar 1 2»<*n-, ffrem 2 ffiwofflneai 2 « *««^mii8Siia©^js^. 

mm±.icm2mi*Kzmf&-rz>xn£, ( e > mibs 1 im^m 1 3 3 n^m 1 2iats©¥2»tt*sii8^g 

5g^K-©WS©MJ|S*5J;0-BUfaai2aS^©^©^ 50 ©RjSSrffiKJsnr. mftBa? 1 ^{C43»-5ltfem 1 i» 




(3) 



L»Ci*1*«4-r4*aM«lfflliail»lsK®»ai*iS. 

[ it*« i 4 ] m*ji i 3 mtoommtommawmm. 

«*©«rsB» i fteftJgtcfift o -r c » s c 4 *«« i -r s 

rnxm 1 5 ] mm i 3 fB*&©¥a»<**»iii8Si§g 
©wacfrifctctotvc. m^mi^^mmmm^ 

[ tt#9 1 6 ] i 2 s ets©#^*aiHiis^g 

Jgtfc J: J/ 'J a >SMb)g|A 3 TJl#> 6»c8ijl 3 ftT ft £ 

c t £ -r *¥*^8iiaB&§ss©s«ii:£i£. 
[swaa i 7 ] n*gi i 2EM(&¥mt&*ma$imM. 

i a® 4 «5 fe/hs i> c £ *^f# £ r £ 

4*fla*WH§&i6«©«ii:&8c. 
c»*jsi8] »*3Bi 2iets©¥#<*»aiHiss^s 20 
©WKtrfttefcuT. HtriBxg (b) £ (c) £©pa 

Sc. $ 6«c. ( 1 ) BtilB^ 1 Mf«©IIIB¥WtM©S 

mftasfs 1 flittctt. mibs! 2 «BttM««fflE^ y =1 >iMb 

Jg£/rl.Tiiufe*>I#»£±K^£;*n. b«IB^2M^ 

-t?«. friB^2 m#MWHuiB^ y 3>BMbjJS*/r-r-& c 
£ft < HuiB*^<*a«©*ffi«:JK)j5c3nic ££!f$ti£ 

^£¥«&jws@sssg©sai:£ffi. 

[fS#3H 19] ( a ) m 1 OT9©4^tt£tit©£in 

Ka«©ai*«js!si/» Huia?8^©«©rtgi3ic0 1 mmm 30 

£ff^-f£X?I£. ( b ) B5iB*3W**«©«iBfC. 

ism 1 tmmj: <c> i>ikwmm<Dm>m2tmm*Bi$,T 

■SX«£ . ( c ) tfTIBfll 2 if&*Slgi±{Cffi 1 5if*Jt*J&S 
f 5IS £ . ( d ) buIBIS 1 ^tf©mKl©«Ht<c« 1 

tm#mw*&mTzfcti>ic. mmm2mmm*mLtc 

com 2 mnmvm 1 ^^^^A-r-sx^i . ( e ) m 
^mmfrmmLtcm 3 nmmz&m? 6x« £ . < t > 

MfB^ 3*5^12 X 9 3F- > y*» 1/ . ffjIBSS 

□w tcflBr 2 m&ftzmm-r sxn £ u 
Wfaxe (f) ©x*^>^«. mivm2mmi<cM^ 
xmizm 3 *fcstji£© x v * > y&s#* £ ft £*fF-cw 

IBIB3»l«il*Xy?->yr*SlllXf ^>^4. fulE 

1 x y ? > * i tigft -s^-c Mf am 2 «uhk& x » 
* > y-r s * 2 x ? > v t & m-r z c t *&m. t r z 

^tiM@K£»©M££&. 

[ mm 2 0 ] bm^ 1 9 nmomm&mmm&mm. 

©WifcfrfficcbUT, HJia^i*5j:o'm3$fii^)S«. ^> 

3 >BMfc*w> e % €» c t %<®m £ r z>*m#mm\Bidg 50 
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CO 0 0:1 f 

{■©njfiSWKKiL. #cc v y-h^©iji («t. y 

- HSiSFT) . 1 nm«T®Sft^Jl'M I S (m 
etal insulator semiconductor) 7 r -'"? -i X^M~f 

[0002] 

[S6*©RW3 y-hft*«0.0 7 limKTCM I S f- 
7>^X^tc*5^-&y- hife^^©Mil«, 1.2nm 

«e** e. ffl t » 6 ivc ^ -s 5/ y a >BWfc«*i»jwb-r * £ 

7-11 SS©TJl/ 5 :Mgft£*y- h^)g£ LTffl 
l\ *aj»»*l .5nm«±{C«o?fc**StE«iW* 

£«. J±R***#]*UfcS'';3>lMfc (SiO ; )^ 
#Jg)?©C£-C*S. 
[0 0 0 4 ] fc£it«. T 4 • 4 — • f ■( • 1A (Inte 
mational Electron Device Meetings "80 nm poly-si 1 
icon gated n-FETs with ultra-thin AIjOj gate diele 
ctric for ULSI applications" PP. 223-226, 2000) 

0 . 1 ymfe(T©M I S h ^>>?X ^©«j^^$t4*5fBtg 

[0005] 

In^if^LrM I s r7>yx**s&fflfbo-t;&i6iit»> 
f^ifte.nftt^t^ws^-r-s., -ec-c, fc£^.« 

0 .2 mn«T©y- f-S^rW-T'SM I S h^>i?X^ 

J: 0 . ttflsj»K©i«»ft**iai5*iri»4. 
[0006]fciitl y-x, FU' f >*«jjS;-r-5>* 

«SLt©y- h IfeliJgt £ |SI-Jl©«SIWi* . /c £ ^.«JS 
JCttxv?>y«:J:DI»*L. *©a. V-^. FW 
> €»^^«I^©«Htc g B^fiSSJa© > 

r*or. -fb^WtcrittftiaerStta^fJfflor^b^S 
fBK:J:Dx y^>y#sfffrft&©-c, iv?>y^- 




(4) 



[0007] i,#>l&#6, mmwmmmm^^- t-m 

* «ct» C 4 #9! 6*> 4 & o fc„ 

[00081 MIS ^--^©itSjifboafitf 4&£±fe 

-cbs^c^-j^a^-^ . misf7>^x^ 

©«*llS©ffiT*IBt»T0*5. fc4*.«\rf*'./-feJMC 

[0 0 0 9 ] #«jl§©SW«. y- MB*m*»?*SI** 
fe#)gr«)&;**l/cJ*£jtfiS©M I S h7>^X:S?*W 

IBIS 4l*«Kffi*q» 6*iSiai»4 *HI-®R±K:JftdW- 

[0 0 l 0 ] *»!8©SfnB«c6C;K:-€-©fl6©BWi»ra 

[0 0 l l ] 

^©4*j9-c&s 0 

( 1 ) «%«o^»««aisii8iiscD»ii^£». *© 
m&m&zmffi-rzxmi:. mito&umzmmc&m 30 

l *&^K£^T£X?I4 . jR l fc J: 2 iSRiDc©^* 

(*»«©aH«:. is i tmm* <o <>Jtim*®iKi.»fl»2 

1 . St 2 tttt©J|l 2 *S«IS±icSfl 2 
"T -SXg 4 . 01 »#>}-©pjiB©««te J; O'JB 2 igfttf 
©Pftfl©«*«:*5i»r. *«tt»«©*ffi(cm l ill 
4S»©#2«*S©m3Wft*i*A-i-*Xg4. 4> 

a< tfc*ii|tf*w©T*jJ:o { *2«**i»i>r. m2 
«*K*iifc*-r*xe4. ¥m&mm±ic-itsm.&&mm 40 

^itST^Xfi.!:. JMUlWCtalvC. ¥a»f*Stg©3l 

BS©»l»f*>}-i»l|ftltg|t«:ifc*tifc«««c. jBtt 

( 2 ) *&w<D^#mn®mmm<D$mxmiz> mm 
( 1 ) &m<D^KmMmKmm<mmimtctoi>r. 
stbicmi *j<fc 2 musccss 3 *e#jg*iss-r *x« 

4. flSl«*K:*«,>T. 03teiS0|{cx^^>^Jg 
U m«<*tf-4m^I£4Kifc*tt/c^tCljtllll 

SXS4. »2««{C*Jt>"C. 3f3*feTOc 50 
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. (wt. st2Hpcc»4««£jt*«fijtr*xgt*^f*. 

"*^«K*JW*J|! 1 igtt^SB 1 tfilKflt £©£*«> 

A #(,>&©"?*£>„ 
[0012] 

mm<Dmm<D^m) «t. *«w©n«i©^JB*iaffi 

S/c*©^HCc*s^T, H— ©flMfrfcffrSfftttciXKI 

-©fi^t^wu *©»»)igix©tt"»t*iner-s. 

[0013] (mmcDBm oHia. ^ib^©-hss 
©^*t?**^a»fltj(ffl||gi8iEii©^a » *H©-0«-c 
**. Blia*fc4K:. #SI jfe©7$& 1 ©3MW*SI 

«@8£S£g©1tfi$©«tg&cot, >-ci£HJ . 

[0014] ^aHtftMB&Btt. 

[0 0 1 5] y%UflSAltCtt. fc4 3.B2jItt$R©l 

2"*-fflffiBastir*jo. 2"*"t*-^ h©««*gEtrr* 

C tUfiTft £ 0 ^ 'J -fe;HvlCttv h*U 2 ^ 

©^©^-n-eti i ^-ro^a^*. -e©^*^**^*'; 
^MC^siR-r-sciccfc^-r. y^eu-fe^gf©**" 
6 iffl©^^y-fe^MC3&5pfc>*ai3n-2>„ tf^(fij*s 
2V 5U*rSi3&i2"©v h y ^^i-r-scitcj:*). 

«;-b*MC*»Brr*llHICMR*2' + 2"«ir*C4 

*t-c#*. c©y*';gBAiw. ytywu-f, ^ 
*yvh y ^x. ^*';7u^$fcB#(c7i/-fiP?ts 
4a^>„ *fc v ^[^©iSJRi^L.Wf^. Xj^S/cW? 
-F«U W^©JMR«L,a3»m YWL. trends 

fc«r : -^i»4P?«n-2>o 

[0016] ^SSPA 2 B. I /OSBA 3 ^©JMWB# 
S/cBf J -^{c4)4rJt»r^*yg|5A l^flJfflJO. 
ygPA 1 4? s -*4©«£*ff ^MillHlSSgp-C^^o « 

S 0 fp-^J I/OSPA3F*3©TKUX>''? ^7T3!)>e> 
N«. MfiOTFUXOTSJWT. 2"*©f¥*. 2" 
*05««©*3&>6 1ffl*iMR-r*lttllliS»-C*4. fl 

^*siKS&sn-s. *©fl&. ^-^©flKiiWB-ra 1 
/onwiiBftir***. 

[0017] I /OSI3A 3 B. ^SP^e>A^7b/cflJMf 

ji^f 1 - * *rtwe^«:ffift b-ci^asPA 2 fc 
*ai/f s -**ji-aJK:u*-r4)t8b©iaBsaiJ'c*i. r 

*^<c|5|5S^'o ? *© — 5*5, fc4^.BT K l/X/<5> -7 
r-C*-5.„ 7F^?7r»>*!;J|5A 1 rt©-feJl/jl 
eR#flfi%Jg5£-r^>N + M*©T F U^A^JS^fW 




(5) 



7 

HKSfcBffiOffil * p 9 ^[5|8§& £. 

[ o o i 8 ] ^{c, ^ -t y species;? n-s y * y -fe^© 

— 09£^T. II 2 B. DRAM (dynamic random acces 
s memory) * y -fe;KD^iilIK, 03(3:. SRAM 
(static random access memory) ©y*y-fe;U©^fflfi 
-^©ffe©^^ y-feJUi L"C\ fc£;t 

* y @b i ffcaass t tim—WfficWLV h ntc p v 

(logic) SUB&y-fcU. *fcB***te-rf ■*'./& 10 
[0 0 1 9 ] 02K^-f <fc*>(t. DRAM-fe-il-B. X-i 

«E*i*l>36»iai>36»* 2 it©t»#S " 1 " . "0 " {C*ttS 
3-t±rlBti3#€.o r-£©«#iA<&»>fEB. f*-*K: 

tiftz. ttc r-^KDm^mvwamt. *+^>*c 20 
ft i 0 tH c t^st s c £ tc <fc o rtrfon * . 

[ 0 0 2 0 ] 13 3 {C7^-r.«fc ^ fC. SRAM-feJHJ, IHtS 
*fT 5 ^ y v 7-7 u 9 ^UlSSi 2 ffl©ISillfflM ish7 

rKaSJBM I s h7>yx$Qt^>«Sttsci 

Iffl-cf*- 7 y 9 7? p 9 71eIS&b. 2 

®<D A £ ©AW^J^St^S^ Dfc 4>©-C& 0 . 
-O^'-^B^H^f-L o ilglifflM I S 30 

* # £ fcBJfiffiJRT- . t y 3 >&ttfiflft£ i'f 

[0 02 1 ] f s -*©*#j&#H${cB. ^-^IRD. 
/D©-^fCfl5HII (H) ffe^TfCffi^JI ( L) £EP 
»DL,T. ^©fStf.^— FNj. N 2 tC^^*s, 

^■©2a , 3©-^^©ffl^fe-tf (D, /D#^n^*i 
H> LSfcttL, H) £2M©«#j£<&^~£CC*tJ£i* 
^-^©^{JtJL/B^tCB. ffitt^-KNx. N 2 © 
lEOlfioa^fotKSlSOtf-fJtlD, /D 40 

[0 02 2 ] #i©ife©^«§ 1 -c£>S¥i§#*fSll 

ftWMi s r7>>>x#. hsb. wummcumz 

[0 0 2 3 3 g-r, i44f^t, -rf^USMCJBfiSSti 50 



^^0 0 3- 1 5 8 1 9 5 

8 

.inft^MI S r^^xarQ^I&BS-r-So C© 

fBKUfcDRAM-fe-rt/*»fiW-*iB»?fflM I S r^>i? 
^^Q, & BluieS 3 (Cffiig L/c S R A M-fe Jl/£1f 
J&-r-5$EiM/BM I S h 7>'^$Qt ^fcBlSKjfflM I 
S h7>y^$Qd!Si«tSCtm4. $ 
/c, n^-p^Jl/M I S h^^^X^Q^L/^l^^E 
(Vth) «ffl>Ptfifj(C]S<, fct^BO .4vm&t?zc 

*§£B. nff**M I S b7>i>X^Q 1 tcEPtfn$n 
■5>«I^JE (Vcc) B<gomjl-eao«3. fciM0.8 5 

[0024] nft^Jl'MISF^yyx^Q^i, p 

tt««{c^3tirt>s. *^$MBWB. 1 
tci^i2eMU c*i{cttl«>ii*tifc^y3>IWti! 

3«:j:orif^3n-2.o ^z»f*a« i ©*ffi«cB. -*f 

[0 0 2 5 ] 1 ±(CBBiSSS*i»*Slil 7 "C» 

n/c v~ h tatKii 8 sn, *©±k » j/ y a 
>^tta«i on»fiSsnA:y- (5»»k-> i 1 

*Jcfcc>-*T-^BIg|J±©*«^«« 1 ©Btf^BBtcjgfiSS 

nrc^s. y-hssi ioobskb. fciitfj/ya 
>^bja^6^c^x^— y (WM^M) 1 3*5)f^3 

n. y- h«® i i ©±BfcB>- y-^-i fji i Atm^ 

[0 02 6 ] S 6«C. ¥a»fta« 1 OSg^I^So 
-C, SAC (self-aligned contact) mt&BBl 5 iJl 

5B. fciitB^y a>ttftM. 1H!I^16», /c 

^ i e ©x 9 ^> h 9 i l rmmmmtmm 

7*fflC»*Ci3W-C**«^B. ^JSl 5*^J*r* 
jj&SB&t*. 

[0 0 2 7 ]^*- h 8 tm-mommmmmmm 

7 . fg,^K 1 5 *sJ:c>*)ira^«JS 1 6 tcB. -*t©nM 
^fWRJfil 2ic^-r^,3>^i' h*-;H 7 a^P 
tr*50. C©3>^^ h^->»H 7 aicSAiA^n/c 
1 8*/M,-Cie^l 9*5-^©nS$ 

*ixtywn iitfj, ^r*^fi<s«©^>stt^ 6 mi<D 
•sis h^-ji/^WSLi^i.. v-x. Fu-f>*« 
liWSn 1 2 i3R-f-^«t»4*«o-C»JiJJ 

[0028] ^tc> 05*fflu-t\ mmmcmf&ztiz 



ft****" 
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*JHVII S h^>^^^Qj©U#C^ffl^ffi (Vth) 

EE (vcc) teffi^HEEr&D. /cii«0.8 5VSg<!: 

[0 0 2 9] n? + *->HVI I S h^>^^^Q l « > ffi 
lEn^ + ^Jl/M I S h5>^X^Q 1 i|I]filK:, pS© 

1 titcm+ftffi&lcW £ tt/erS14ffi 10 

micftmztn:. i©SlB{c«:. -^OnS 

ifi^ftMiDI l 2 ic J; r v -x v F W 2 nt 

^-So 3 l±CC»ffigSK«|gi|ftBt 7 -C 

[0030] ±&i&mnm&i®m i «. y- h 
^® 1 1 *5 j;t>'x-^— 9- 1 3 tmmtbmm i £©iyj©.& 

CcjfM^nry- h*gii*)g8£fit)&U -*t©n§9^>S 20 
tttlim 1 2 ©iHKBflSStaffcOfcS&OS/ U-f -f KB 1 
4 #J&Jj£ Stifle*. 

[0 03 11J/C, ^i£#gtg 1 CiiSM^Sot, 

s a cmmmm 1 5 1 mmmmm 1 6 #TB*>e>»cij 
tiLStixm. tmm 1 s is£vmmimmi 6 (tit. 

— *t© n 1 2 ±09 y If F B 1 4 CCjiT 

h*-;n 7K««E>&**lfc^i'l 8£/i-LTiasi 
9 #-*t© n M¥##«WS 1 2 ±©-> y If FB 1 4 tc 
WstZftX^Z), 30 

[0032]^ 16^^, i /ommmzft 

•f *->l/M I S h ^>'J^HQ } <DL^^f$MS. (Vth) « 
ffl»WtCiS<. fct^tf0.4VSgi«Ci#-Ct 

n^i>*JHVlI S h7>^X^Q 3 (CEP»D3nS8b^m 
EE (Vcc) ttfcHWEr**). /ci^tfl .5VSgit 

[0 0 3 3] n^-<>*;l>M I S h^>^^^Q 3 tt > M 
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ffch^f^^M I S h^>^X£Q 1 <!:|5tfi&C. pS0 

[0 0 3 4] LtftO. ¥m#m&i±tcit*sv=i>wnt 
m e *s «fc o'j«gfa^*aKjgi 7 *>e> & aawMfHt©*'- h 
ttttit 9 wbjS, $ n . *©±{c is y a >^e H B a i 1 0 -e 

SBSBJ8 ( i> y =» >!MMt 6 fccfc OTKRWH&ltlt 7 ) 

«. y-nsi i *5<fcc>'x-<— y i 3 1 
i©i«©*«c»R8sti-ry->«iiiyBi9*«RRi/. -*t 

©nM**^MiSl 2©±ffi{C«->y-y--Y FBI 4&B 
f&$ftXl<>?>. 

[0035] * tc. 1 ©iit^i^s-^t, 

s ACffliii 1 5 £ inniiKMfcji 1 6 tfTrnfrhmocm 
^ntos, 1 5 *s£z?mmtmf& 1 bkb. 

— *t © n £££«ftttJtt 1 2 ±© ~> y -9- ■{ F B 1 4 fc it T 

h*-jh 7tca*ji*n/c7*vyi s^oriB^i 

9 36«-*t© n 1 2 ±©i/ y 1M F JB 1 4 K 

[0 03 6] ^(c. B7tm>t. gss^tSEK-rs 

n?t^;HVlISI-7yyx^Q,4iit4. fci*. 
«2«ffl©^mjE?:ffll^«^«. nft^MIS 
h^^X^Q^CEPflnStiSlilftSEE (vcc) «<EI,»S 
EE-t?*0, fc£A«0 .8 5 vejgiTSCi^-e^ 

[003 7] n? + *)l>M I S f-7>^i(Q ) a, M 
len^f *;UM I S h ^Q, £«^|sl«©«j& 

^€.„ y-h«@i nctt^nii (vcc) ^epjd 
sn. -*f©nsfift««i 2ii.mwt2ftrmmni£ 
mmsft&o 

[0 03 8] 

mi] 
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Voc 


1.5V 


0.8SV 


a85V 


0.85V 


Vtb 


m (0.4V) 


i& (0.1V) 


« (0.4V) 






HUgh-VSiO 


High-k 


HJgh-k 


High-k 












SACf&RR 


SlN(Optitmal) 


SiN(Optional) 


SiN or High-k 


SiN(Optianal) 


warn* 











[0 03 9 ] aitc. y*>;gp©M i s h7>-^$, 

IfeSoPcDM I S h7>^X^, I /Og|J©M I S H5> 
y^5r*5j:C«S«3R-T-*#Btr*M I S h^>^X£© 

[0 04 0 ] 2«H©«««E«:*H£:L-Cfi«E**Enttl 
StiS^^'JSiJOM I S h^>^X3f> gfeSSBOM I S 20 

an. wneE^EPflnsns i/osb©mi s h5>y^ 

[0 04 1 ] J/c l&SoP©M I S r 7>i ? X^, 1/ 
Og|5©M I S h^yisXZte&U^mm^ffil&t&M 
I S h7>yx3f(DV-X, FU-O^flifiS-r-S— *t© 

#5, y*Ug|5©M I S h^>v ; X^©V-^ 1 KU-f> 30 

-5 — *t© n aa*»fMHi«o±ffltc « ^ y * -f f 

[0 04 2] *fc, 3>£^ r *-A<<by- h*@£© 

WO. x?*>$r* h ^<fi Uttitg-r-SSACffliffi 
«ll*JilBI««il©TCCJl5fiS3*i*. fcijliaWIUMfi* 

gtotf y 3 >K<fcM-c«teR sn. s ACTOiiB-> y 

£• (£ttg>J£AB2K:SEtt) «. ±8BSACffliieaK0l«^ 40 

ti*$l8ilKlt&x 'v?>^ h »'<Ji& l/TtMBStf * 

[0 043] ifc, 7 - 7^£S&jAifKP©ff£K£l,T 
«, l>-r*l©M I S r 7>^**tCfeC»-Cfc3F£Sg:Sig 

[ 0 0 4 4 ] ;*fC> IPSmflM^ 1 

B««©«ajjffi<D-«*ia 8 ~a i 9 (C7n-r¥«f*a 
*©saJWiBia*ffli>-cisj««:ttwr*. so 



Hlgb-k 

SiO 
SiN 



> U 3 >a 



@l»^Kflil03ft****EE*2ilSl£U y*U«S 
*»J:C«fta»{CBfi«E. I /oaMct**«BE#tEf«in3 

[0 04 5] ST. S8«:mTJ:5K. ftffijnrt* 1 0 Q 
c mSSO p 'J a >#«S-C«g43 

« i i/ . c <D¥mwm®. i ©i® icmm 2 
(c^2»^*® 1 ±ks/ y 3 >^<bM3 *H8i ofca. c 

tl?:CMP (chemical mechanical polishing) ffiTW 

A ursai 2 ©waste is y 3 >Kit)S 3 *»-r c <t k <t 

0 0 •cruwea-r s c £ «c «t k> . #p*MiSBK:«aw&*, 

7£~> y 3 >KfbM3 

[0046].^K, lfcpSPfWtt. fci* 

#U;fc«» ¥»ftS« 1 ©*®ic 1 . 5 n m|US©il? 
©~> y =1 >K{tJS6 *fBOllr&. is y 3 >K<tJi 6 «. 
fci*tfiKfti*3Efc«i»CVD (chemical vapor dep 
osition) ffi«Cj:»)0fiW4C4*^C#«. 
[0 04 7] ^{C. @9{C^-TJ:^(C. >»^-x>^3 

»A2©^ya>iMfcil8tlfc*-r*Ci«:J:»>. 1/ 

OpPa 3 ic is >j3>ifti6 *^-r„ 

[0 04 8 ] 0 1 0 (Ct^-T ct 9 (C, 1 

«^^»*ffi{CJ: *)*»-r*C i**t?**. 

1 J£{c0BSS*ifcl*««2p»liR 7 ©«s «^jmjic-c 
1 nmeK4**J:^«:Seg3ti. tc£Z.tt7)l 
$fcB?*>^bJS©«^». ttBt$4*iai;r2n 
mfIS©il3*5ita3nS, CftCCiO. (K^WMEE 

*«EnJnsti-5^*yspA i*j<ta £ ^agPA2ic». xss 
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a 3 ^> a^mitme'tit^mmmm torn 

MWkfr h ft *3B8ijR/*tf 2 . 5 n mglS© Y- h'fettR 
[0 049 ] 0 1 1 *> &c v ^Wtfi 1 

±tc. fc&*.t&w*flP*Ai3 fifes' >; 3 y&ifeikm l 
0 4CVD ffirits-r U 3 >£*ga0t 1 0 ©Jl 3 
B. fcijltfUOnmggT*^ -€■©->- hffiJi 
B> fc4^[*100Q/DggT45, 5KC»-CrC*-.=. 
>^!**lfcUS>X hMfcv^KOTS'y a>^|Sfij|l 10 
10^^>^, ^*';*A1. f&agBA 2 
I/0SPA3©&M I S Y^V'T.ZCD'f- hm® 1 1 
^RS-T^o C©f£> fiftllSltC, fcii(f80 0 

•ess© f 9 jwummzm-fo 
[0050] ^cc. m i 2tcfn?£*>{c, y-nti 

**-f*>iiAU yeuffAi. »awA2*jj:ati 

/Og|5A3©§MI S h^^X^OV-X. FU-f> 
®— ap%«J3W*jttSR««l 2 a*»JiS-r*. ±Kt3R 
B, fciA«ttAi*M"-3keV. K-Xtlxi 20 
0 ,s cm- ! taA-r5. ft*s> H^BUft<,>#. 36iC 

«L fcix(Wo>?:-rt>ttAlt, V-X. FU-Y 

ZmtZXlr y bmWZI&Vmmi 2 a©TSMC?f5)&b 

[005 1 ]*K. 1 ±«c-> <; 3 >BMfcBI* 

cvDSrcittStiyfca. c©s/»;3>Kfbil*^9Xv 

A2fc<fcO*I/Og&A3©&M I S F-7>^X*©-y- 30 

vmmi lowiK^t- y-i s^^r-So ±ia^-7 

© # p< - i? Srfifilt-f -5 C £ #r * 3 . 
[0 05 2 ] &tc. Hi 3«cijvr«fc5K:. y-hm@i 
l*sJ:t>'X^--y-l a^^tLtp^xWKnf 

jSjaSRA 2 <fc ZP I /OSP A 3 ©-SM I S f-^>^X£ 

©v-x, Fu>f>©fl«!©-«*i(WE-r«aiwm«i 2 

b&Bf£?Z. JJEfcJRB. /c<t^.«aAi^JU+*-4 40 
5keV. F-Xi2xi0 ls cm'T?iATI. 5 
[0 05 3 ] #CC» 0 1 4 (CTjrf «fc 5 CC. ^ ^ ') g|5A 1 

•S^SSPA 2©ffiStS$ttJHR7 . fcJrO* I /OSBA 3 
©-> >; 3>BWt«8 £iCIi«4M&!^7 £©JMlt&X 

A7$x^>^-ciit5. e facet 9. isagi5A2 

*£tH/0»A3©iHlMR«l 2b<0lI4SaS* 
y * »J SB A 1 ©iURTOt&Mklt 7 B. X;>" * *i y 
f > ytf (C^iftll 1 it, ^^'JgPA 
l©^#Sm^©^-^£l»±TSC£an^ 50 
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So 

[0 054] fclvriKUS?* MteHSjOfcSL KM 
j£i&JMt. fci ittf IPS 1 0 ~ 2 0 n mlloa^ h 
■ jfotr b *Bx^ *8s-c¥3*{*«« l ±KJSSW 

[005 5] ^(c, mi 5iCm-Tj:^tiC^ 5 0 0-6 0 

o-cm&vmamzmmitmB. 1 {cjsLTy*y»A 1 
(DMish7>^^©y--hiii i©^ffi<b. t&a 
SPA2©mi s h^>yx£©y- nm® 1 

2b©*Ht. I /OSPA3 ©M I S F?>^ 
X * ©y- h ®@ 1 1 fc<fc O'&ftx^HSf 1 2 b ©ItB t CC 
iBJRWtcSxy-y-^ FJS 1 4%ff^"TSo C©«. *EJ6 

•J If A FJi 1 4 ©ffifi|rtft©fc«> 7 0 0-8 0 0 '(Mm 

(omuBM^^mi^^iicm-t. tMGastoi'Wj f 

lf(i3 0nmgi, 5/- hJ6taB4 Q/DlSf* 
So t&afBA 2 *5 <£ Cf I /OSB A 3 ©ttftrtRift 12b© 
«BB«:S/ IJ 1M FJ11 4 *JgfiR-r SC it?, ffif&MiDc 1 

2 b &{&i&mi2ti. «f jciiagPA 2 ©ifeaisissj&wii 
2 b©^®(c->y-y-^ FJi^ff^c-ftc^c it-, .**y 

SPA 1 ©^z»tt»« 1 ^©3rrf-2?*KuLTSC 4*J-C 

#So 

[0 05 6 ] ^tC. m 1 6 (Cin-T J: 5 ^.aS&S® 1 
±(C7'7XvCVDj*rS ACffliM5M)Kl 5. /ci^.B 

pit ^to-erti3&**iFS-c**SAca».3&jffl.»6n 
s. 

[0 05 7 ] 0 l 7 (ct^-T J; 5 ic> l 

±fc . fcii b~> y a >M<m-cffii& $ ti &®r$mmim 
1 6^fiK-rs„ ^^-c^-^-->ysn/cui>x 

^vxi^iu, 36fC«JSKl 5*i«y^>yx h 
ltUTllBM6iil 6 4xv^>m. COi'jf 
> JlffltttttM 16©x,?> ^jftft«46«0l 1 
5 ©x ? ^ > ^iiS -J: *) <b*Z < ft £ i ? > y^£ff# 

Sffisn^. ii^«ii5 4i^>m. c© 
x-y?>^-cB. mmmi 5(ox.v^>^m^mmm 

*^©7©xv^>^jISJ:«5^#< 
[0 05 8 ] CftiCj;^ ii&ag|3A2*jJ:O'I/0g|5A 

3-cB. m i s v?yv*z<Dimmm \ 2 b©ascc 

WCtthtitci/WJ FBI 4fca-TS3>^^ 
I7*ijf^?tl, ^^eyg|5Al-CB. lKltS$ttlMi7 

h *-;H 7 B. /c <!: ABS&rti 0.14m mliJg©R 

[0 05 9] ft*s. S^Bbftl^s. ygpAl.lt 
a§PA2fcJ:D''I/Og|5A3©SMI S h^>^X^© 




¥- 1 i ±©-> y-y- w KB.i ^k^^^^ ? 

[0 06 0] m 1 8 (C^nTcfc ^(c! I&SSPA2 is . 
<fctf I/OgPA3£Ui>X HtSofcg, ^ygPA 
l©a>£^ h^-jn 7©&W©ffift*3|M&l*R7$ 

ttttttl 2 bicitf £:n>£? |-*-;H 7 a*JgRSr 

[0 06 1 ] ttfc. f&aSPA 2 fccfc^* I /OSPA 3©=i 

H^-JH 7 y^rUgBA 1 K^- 10 

)Vl 7 a i*a«c4Ig-C^fiRUr*>J:C>. fcixtf, 

gPA2fc£C>'I /OgPA3©J§ra*fe«]g£l 6*5<fctfKMt 

*«c * y SPA l ©jnHttfttftR 16, ~> y 3 >^{b 
Ml 5*s«tOTSSfS*«Si»lg7*JlH^is'5 : ->i'L, =J 
|-*-;H 7 a TEXT'S 6 „ 

[0 06 2 ] #tc, E19(c^tJ;5K:, ±fau^* h 
I4ft*lfci. 3>^^h*-JH7, 17a©|*J§P 20 
*dtf*»tt«iR 1 <D±Mlc? 2 >»fcK*. fciitf 
CVDffiTiiStU J6K3>^^l-^-JH7, 17 

7 . i7a vmcommtD? z >mm*s <t y^ii* . 

7, 1 7 aOrtaHC^ia 8*JBJSRTS. 
[0 06 3] *3»»S« 1 ±tC^JlJ®. fc<i;L 

«£>^X7->Jg£tf$Ji£t,/cfg. >-^-^>^?n/cU 30 
H)g£vx*£Ofcx:,^>yjcJ:o-C#JSJjg*Jjn 

[0 0 6 4] C©<fc-5(C, #39S©?&«l«c«fc*itf. £ 
SgPA2*s<fcO*I/OgPA3(D#M I S 

mmtz>mm.w\ 2 b±©ira«*Mfijtit7«i$£ 

U Z<DWmK.f )*)■■< K@l 4^tfi-rsci(cj; 

SctAirt5 0 — y^ygpA iom I s V^isi? 40 
%^T?.ffi;l5f^JD(l 2 b±«:«^>y-y--f KS1 4 

9, 9-13. KIB 1 4*J<fcO'=i>^^ h 

1 7 «J£j£-$-&KKc3£*ltt£K 1 ^R«"T - 

[0 06 5] (2Qb©fl$fll 2 ) *HJfi©^ 2 "C 
aWtteWSBBRB©— W*H 2 O*s<fctf02 1 VZffc?* 
«#»£©gSP»T® 0 SrflH >T WtW? 

[0 06 6]i2 0«, ieM^>'Jt-f h'114 5: 50 
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mm otcm<Ds * y spa i . isagPA 2 *? <£ o* 1 /ogp 
. ®^Mi2<D#pflMiiHsiSKa. imbsiw©j&* 1 © 

MR 8. 9, K nS*i»Mi (&3BI8 

« 1 2 a . &|&{ifiill 12b), if 1 3 . cfcO^> 

y-y-^f kh 1 4*9BJdts*i*. 

[0 06 7 ] IfcHSPA 2 I /OSPA 3 tc 

fctfSSMI S h^^X*©*-^— yi 3*»6*?^ 

A 1 (CteW-SM I S h 7>> ? ^^©X'X--y- 1 3frhm 
ttim&-C<DVmL a £*) f&SSPA2*>cfc 
0*I/OSPA3fc*jW^zi>^^ h*-JH 1 tW&ft 

[0 06 8] S^oT, ^*yfflJA 1. M«aJA2*jJ:0t 
I/OgPA3©#M I S b^l>>i>ZZ<DtZfcm.Wl 2 b 
«, X-N-tl 3CC«-LrgB^-Cff^3*l-S©T-, 
I^SSPA 2*sJ:0* I /OgPA3©&M I S h^>i?X^ 
©StftM^l 2 b©ifi». jt^'J 95 A 1 ©M I S h5> 
jr©ffiftffiifi 1 2 b ©««fc 0 < Jfe ^„ 3 6 K 

^■^-•y- 1 3©iHW. y^eygRAl, liagPA2*jJ:0* 
l/OSPA3©SM I S H^>^^^tC*Jl^TlBlD-C«) 
-5 C £#>6, IMiaPA2*jJ:CJ t I/0»A3KteW«* 

mi sh7>y^^<Dy-nsi i*^s^5>itgp$ 

■C©SEg|«. ^t'JgPA 1 tCijWSM I S h 7>-^^ 
©-y-m@l l*63RT»daJ*T7©reill«*:«3*>^:* 

[0 06 9] i2 IB, S6«Ctl<ISCC*iW*B»l 
9*^fiSUfc^©y*ygPA 1 . ^agPA2*JctO*I/ 
OSPA3©SMI S h^>^X££^f„ Stc^TJ:^ 
iC, g&agPA2*J<fciy: I/OgPA3-C«SAC&ffi*;§ 

h » Ajg £ Lr««-r ■Siffe^JS (««^Qfc©JKtt i r » 

m«Ml 5) *«tt1*K. l^Wl 6(C3>$^ h 

*-jH7«Jh5. — ^*ygPAi-c«, y 

1 6©x-^^>^x h j/tfiOTMB^et, 

©fiw©iKsis^nitjn 7^^-^x^> ^-r^* 

•T-SCitCcfcf?. M I S h v>^^^©J£^i|!«l 2 b 
tejg-3-£:3>£* 1 7 atf^SftS. 

[0 07 0] CCJ^ic. *HSfi©^®2 fc |ft 
SSPA 2 *J<tO* I /OSPA 3 {CfeC^r. 3>^^h^- 
* 1 7 <t^^!ltgP<b©^fe-l±^t§^a*te<j(C^:#C^ 
*i»flMl±«CSACffltt*Hl 5*«jai/fe 

<T^cti> 0 ^*ygpAi-c«. y-hite^M8 
ti5i-ji©iggis^ffi^iR 7 «tnmiunK i6©x^ 
>i/x h or«iB-r4©r, ^-tyePA hc*j 
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)i 1 7 <D-$M>mirftm2&zmm.-rz u > bg&mma 
iccff^^nrt. y =f >^ft8i3 ©njtx^Kd ^'c i . ; 

[0 0 7 1 ] (9m<DBM 3 ) ^HJSCDJF^ 3 

[oo72]i22d mmfcmm®&$km*ffii&-? z 

y^DSPCDn^f *)VM I s h^>> 5 x$^-ro 
[0 0 7 3 ] + *JUM I S F5>^X^Q 5 «, I?) 
iBUJfc©?^ 1 ©0 4 fC^ htc n 5=- + *;UM I S h -5 > 10 

F W>#*gJj&3*i. y- h^«M8^lSgim^ 

^M7-e«fi5c5n-ci^„ se.ic. i©« 
mnmmwki . kimii 5*s«fc^ap^^0i etc 

tt, h^-JH 7 a*^por*5«3, C©n> 

hih-iH 7 atca^ji^tl/c^v^ 1 84/i-L/T 
1 9^-^©nS*»fti)i 1 2 5C«|£3*lTl,> 

5. 20 
[0 074] L-#>U y-f-mffilltt, ^yn>^Jb 

•7^-?A (S i Ge) Jf 2 0l5j;D t >"j3>^iai2 

[0075] -> y 3 > y;^- A©ii™, fci 

>iOW^ci*?,, ->U 3>y;l/v^>i;AS2 0 
©* + VTmm%im< -r^citccfc^r, y-hmffii 

So $7c< ->y3>^igsi2 u > > i ;3>yji'Vi'? 30 

AJt2 0©±Jltc^J5ST*Ci{cj:»). j/y*-f Fits 
ifr&flgjts-a-cy- 1 1 ©ia^y-y^ fb 1 

[0 07 6 ] ^mfoomm 3 rra, ^ * y »a 1 

©M I S h^>i?X£&C®fflL/cit^iCOl>TtBBJ5U/c 
|^Sg(5A2*JJ:D'* I/OSPA3©^M I S 

^^(cfe®ffl-r-5>ci*5Bjtgr-*o. y-h^ii 1* 

[0 0 7 7 ] J&Lb #|B!IJ#K: J: -?T£c3*ifc#S!>§£^ 40 

[0 0 7 8 ] fcijttf. fltEXIlKDmCK. n 
[0 07 9 ] 



' 1 0 : 0 #§.-]-iSaKlfP^S*3ti-5|5|K. fct*.«»ffl 
g|5*J«tO*T> / OS|Jt?«. MI S h^^^V-^, 

sir, -e©*®(cfgfijx©v;-y^ fb*»tsc 
tic**). itmm**miTzc±i!fi-e%z a —jf, m 
mm&frmjtztizmm* itt*.tiL*<evBv&. mi 

jaLtcc^y-y-^ F**jiaaiM*«:. *ft*iwwwM* 

^ - i? * Huh u r iS«ifiig£f# s c <h #r £ & . 

[01] **9!<o-iat©ji5»'r*s*aMtjB8iiaBsg 

[0 2] y*ygp«:^fiR3n-5DRAM-fe^©^fflHlSS 
[03] y*';gp{c^fiSsn-5SRAM-fe^©^ffliifS 

[04] y*yap«cBJS83tl4n^ + *^MI S h^> 
[0 5] ^SSB«:^$n-5n?-f I Sh7>y 

[06] I/oa$«:jft&3*iSn* + *.>UMI S h^> 
[0 7] ^fi^^ltJjR-rSn^-f^^M I S h^>^ 

[08] *§zw(D-nM<D%m-e$> s mm&mm&\$&m 
[09] &&w<D—m : M<Ditm'e2>z>¥m#mffi®mm 

[010] #*9!©-3m©J&*"C*4^flafflliaK 

sei©«ji:£8c*in-r mmwmmom^mmm-v^ *> « 
[011] *»w©— lafco^ft-riSiiawwwsHais 
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METHOD FOR MANUFACTURING 
SEMICONDUCTOR. INTEGRATED CIRCUIT DEVICE 

BACKGROUND OF THE INVENTION 

The present Invention relates to a manufacturing 
technique of a semiconductor integrated circuit device, 
specifically to a technique effective for application 
to a semiconductor integrated circuit device having a 
short channel MIS (metal insulator semiconductor) of 
which gate length, the width of the gate electrode, is 
less than 0.1 |um . 

The film thickness of the gate insulating film in 
the MIS transistor of which gate length is less than 0.07 
jim is presumed to be less than 1.2 nm. However, thinning 
a conventionally used silicon oxide film for use in the 
gate insulating film will cause the leakage current to 
exceed 10 A/cm 2 , which involves increase of the standby 
current, creating a problem. 

Accordingly, a trial has been made which uses an 
insulating film having a comparably high relative 
dielectric constant (hereunder referred to as high 
dielectric constant insulating f ilm) , for example, an 
alumina film of which relative dielectric constant is 
about 7 to 11 for the gate insulating film, and reduces 
the effective film thickness while maintaining the 
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physical film thickness at 1.5 nm or more. Here, the 
effective film thickness signifies an equivalent silicon 
oxide film thickness in consideration of the relative 
dielectric constant. 

As an example, the I EDM (International Electron 
Device Meetings "80 nm poly-silicon gated n-FETs with 
ultra-thin Al 2 0 3 gate dielectric for ULSI applications'' 
pp. 223-226, 2000) discloses the performance 
characteristic of a MIS transistor having the gate 
insulating film made of an alumina film, having the gate 
length of less than 0.1 jjjti. 

SUMMARY OF THE INVENTION 

As the integration of semiconductor devices 
increases, the MIS transistor is made still finer 
according to the scaling law; and accompanied with this, 
the resistances of the gate, source, and drain regions 
increase, thus leading to a problem that the micro- 
structuring of the MIS transistor does not effect a 
high-speed performance. And, in the MIS transistor 
having the gate length of less than 0.2 |im, for example, 
a high-speed performance has been pursued by means of 
silicifying the conductive film forming the gate, and 
the semiconductor regions forming the sources and 
drains . 
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For example, in order to form silicide layers on 
the surfaces of the semiconductor regions forming 
sources and drains, a method is employed which removes 
an insulating film on the same layer as a gate insulating 
film on the substrate by means of, for example, the 
reactive etching, thereafter forms silicide layers of 
a low resistance on the surfaces of the semiconductor 
regions forming sources and drains by means of the 
self -aligning method. The above reactive etching is one 
of the dry etching techniques used in the semiconductor 
manufacturing process, which performs an etching through 
a chemical reaction by utilizing a chemically active 
excited activator. This technique will restrain 
etching damages to achieve a comparably high etching 
selection ratio. 

However, the inventor of this invention examined 
the manufacturing technique of a MIS device using a high 
dielectric constant insulating film for the gate 
insulating film, which confirmed clearly that the 
reactive etching is difficult to remove the high 
dielectric constant insulating film, and this leads to 
impossibility of silicifying the semiconductor regions 
forming sources and drains. 

As a means to solve the above problem that hinders 
manufacturing a high-speed MIS device, the spattering 
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etching has been examined which physically removes a high 
dielectric constant insulating film on the semiconductor 
regions forming sources and drains. The result shows 
that the spattering etching is likely to damage the 
substrate, and thereby invites the lowering of the 
reliability of the MIS transistor. As an example, 
applying the spattering etching to memory cells created 
a problem that increased junction leakage currents and 
caused retention data errors, and so forth. 

An object of the present invention is to provide 
a technique that allows forming a circuit to accomplish 
a high-speed performance and a circuit to attain a high 
reliability on one and the same substrate, in the 
semiconductor integrated circuit device having plural 
types of MIS transistors in which the gate insulating 
film is made of a high dielectric constant insulating 
f i lm . 

The above and other objects and novel features of 
the invention will become apparent from the descriptions 
and accompanying drawings of this specification. 

The typical aspects of the invention disclosed in 
this application will be summarized as follows. 

(1) The method for manufacturing a semiconductor 
integrated circuit device includes the steps of: 
preparing a semiconductor substrate of a first 
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conductive type, having a first region and a second 
region on a surface thereof; forming plural trenches on 
the surface of the semiconductor substrate in the first 
region and the second region, and forming a first 
insulating film inside the plural trenches; forming a 
second insulating film of which relative dielectric 
constant is higher than that of the first insulating film 
on the surface of the semiconductor substrate in the 
first region and the second region; forming a first 
conductive piece on the second insulating film in the 
first region, and forming a second conductive piece on 
the second insulating film in the second region; 
introducing first impurities of a second conductive type 
opposite to the first conductive type into the surface 
of the semiconductor substrate, in a region of both ends 
of the first conductive piece and a region of both ends 
of the second conductive piece; removing the second 
insulating film, except at least a lower layer of the 
first conductive piece and the second region; depositing 
a high melting point metal film to overlie the 
semiconductor substrate; and selectively forming a 
silicide layer in a region between the first conductive 
piece on the surface of the semiconductor substrate and 
the first insulating film, in the first region. 

(2) The method for manufacturing a semiconductor 
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integrated circuit device further includes, in addition 
to the steps included in the above manufacturing method 
(1), the steps of: depositing a third insulating film 
in the first and second regions; applying etching to the 
third insulating film to form a first contact hole in 
a region between the first conductive piece and the first 
insulating film, in the first region; applying etching 
to the third insulating film to form a second contact 
hole in a region between the second conductive piece and 
the first insulating film, in the second region; and 
forming a third conductive piece in the first contact 
hole, and a fourth conductive piece in the second contact 
hole, in which a distance between the first conductive 
piece and the first insulating film in the first region 
is larger than a distance between the second conductive 
piece and the first insulating film in the second region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a semiconductor 
integrated circuit device being one embodiment of the 
invention ; 

Fig. 2 is an equivalent circuit of a DRAM cell formed 
in a memory region; 

Fig. 3 is an equivalent circuit of a SRAM cell formed 
in a memory region; 
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Fig. 4 is a sectional view of the major part of the 
semiconductor substrate, which illustrates an n-channel 
MIS transistor formed in a memory region; 

Fig. 5 is a sectional view of the major part of the 
semiconductor substrate, which illustrates the n- 
channel MIS transistor formed in a logic region; 

Fig. 6 is a sectional view of the major part of the 
semiconductor substrate, which illustrates the n- 
channel MIS transistor formed in an I/O region; 

Fig. 7 is a sectional view of the major part of the 
semiconductor substrate, which illustrates the n- 
channel MIS transistor forming a capacitance element; 

Fig. 8 is a sectional view of the major part of the 
semiconductor substrate, which illustrates a method for 
manufacturing the semiconductor integrated circuit 
device being the one embodiment of the invention; 

Fig. 9 is a sectional view of the major part of the 
semiconductor substrate, which illustrates the method 
for manufacturing the semiconductor integrated circuit 
device being the one embodiment of the invention; 

Fig. 10 is a sectional view of the major part of 
the semiconductor substrate, which illustrates the 
method for manufacturing the semiconductor integrated 
circuit device being the one embodiment of the invention; 

Fig. 11 is a sectional view of the major part of 
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the semiconductor substrate, which illustrates the 
method for manufacturing the semiconductor integrated 
circuit device being the one embodiment of the invention; 

Fig. 12 is a sectional view of the major part of 
the semiconductor substrate, which illustrates the 
method for manufacturing the semiconductor integrated 
circuit device being the one embodiment of the invention; 

Fig. 13 is a sectional view of the major part of 
the semiconductor substrate, which illustrates the 
method for manufacturing the semiconductor integrated 
circuit device being the one embodiment of the invention; 

Fig. 14 is a sectional view of the major part of 
the semiconductor substrate, which illustrates the 
method for manufacturing the semiconductor integrated 
circuit device being the one embodiment of the invention; 

Fig. 15 is a sectional view of the major part of 
the semiconductor substrate, which illustrates the 
method for manufacturing the semiconductor integrated 
circuit device being the one embodiment of the invention; 

Fig. 16 is a sectional view of the major part of 
the semiconductor substrate, which illustrates the 
method for manufacturing the semiconductor integrated 
circuit device being the one embodiment of the invention; 

Fig. 17 is a sectional view of the major part of 
the semiconductor substrate, which illustrates the 
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method for manufacturing the semiconductor integrated 
circuit device being the one embodiment of the invention; 

Fig. 18 is a sectional view of the major part of 
the semiconductor substrate, which illustrates the 
method for manufacturing the semiconductor integrated 
circuit device being the one embodiment of the invention; 

Fig. 19 is a sectional view of the major part of 
the semiconductor substrate, which illustrates the 
method for manufacturing the semiconductor integrated 
circuit device being the one embodiment of the invention; 

Fig. 20 is a sectional view of the major part of 
the semiconductor substrate, which illustrates the 
method for manufacturing a semiconductor integrated 
circuit device being another embodiment of the 
invention; 

Fig. 21 is a sectional view of the major part of 
the semiconductor substrate, which illustrates the 
method for manufacturing the semiconductor integrated 
circuit device being another embodiment of the 
invention; and 

Fig. 22 is a sectional view of the major part of 
the semiconductor substrate, illustrating an n-channel 
MIS transistor formed in a memory region, being another 
embodiment of the invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The embodiments of the invention will be described 
in detail with reference to the accompanying drawings. 
In all the drawings for explaining the embodiments, the 
members having the same functions are given the same 
symbols to omit repetitive descriptions. 
[Embodiment 1] 

Fig. 1 illustrates an example of a block diagram 
of the semiconductor integrated circuit device being one 
embodiment of the invention. First, the construction of 
the semiconductor integrated circuit device of the 
embodiment 1 will be outlined based on the drawing. 

The semiconductor integrated circuit device is 
roughly divided into a memory region, logic region, and 
I/O ( Input /Output interface) region. 

The memory region Al has 2 N+M pieces of memory cells 
MC (or, simply cells) arrayed, each of which memorizes, 
for example, one bit of binary information, which is 
capable of memorizing information of 2 N+M bits. The 
memory cells MC are arrayed two-dimensionally in a matrix 
structure, among which a memory cell MC is accessed by 
appointing each one of selection lines L x , L 2 in the row 
and column directions to select the memory cell MC lying 
on the intersection. Assuming that the number of the 
selection line L x in the row direction is 2 N and the number 
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of the selection line L 2 in the column direction is 2 M , 
the number of the circuits to drive the memory cells is 
2 N + 2 M . The memory region Al is called memory cell array, 
memory matrix, memory array, or simply array. And, the 
selection line 1^ in the row direction is called row line, 
X line, or word line; the selection line L 2 in the column 
direction is called column line, Y line, or data line. 

The logic region A2 is an associated circuit block 
that controls the memory region Al on the basis of the 
control signals or data to the I/O region A3, and 
exchanges data with the memory region Al . One of typical 
circuit blocks is a decoder, for example. The decoders 
constitute a logic circuit group that receives N pairs 
and M pairs of address signals from the address buffers 
inside the I/O region A3, and selects one row line among 
the 2 N row lines and one column line among 2 M column lines. 
The drivers connected to the outputs of individual 
decoders drive the row lines and the column lines. It 
also includes an I/O control circuit that controls the 
exchange of data, and so forth. 

The I/O region A3 is a circuit block that converts 
the control signals and the write data inputted from the 
outside into internal signals to transfer the results 
to the logic region A2 , and outputs to the outside the 
read data that are taken out to the logic region A2 from 
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the memory region Al . One of typical circuit blocks is 
an address buffer, for example. The address buffers are 
circuits that receive (N + M) address input signals for 
appointing cell selection addresses inside the memory 
region Al, and generate N pairs and M pairs of internal 
address signals. It also includes a data I/O circuit, 
write control circuit or control block circuit, and so 
forth . 

Next, a memory cell arranged in the memory region 
Al is shown as an example. Fig. 2 illustrates an 
equivalent circuit of a memory cell of a DRAM (Dynamic 
Random Access Memory); Fig. 3 illustrates an equivalent 
circuit of a memory cell of a SRAM (Static Random Access 
Memory) . In addition to these, memory cells can be cited 
which constitute a logic consolidated memory having 
memory circuits and logic circuits formed on one 
substrate, and a nonvolatile memory, etc., however the 
explanations of these will be omitted. 

As shown in Fig. 2, a DRAM cell is composed of a 
MIS transistor Q that performs a part of a switch, and 
a capacitor C that stores information charges. The DRAM 
cell stores information of whether the capacitor C holds 
charges or not, that is, whether the terminal voltage 
across the capacitor C is high or low, in correspondence 
with the binary information "1", "0". A data write 
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operation accompanies applying a voltage corresponding 
to the data from the outside to the cell. A data read 
operation involves taking out information of whether the 
capacitor C holds the charges or not to the outside of 
the cell, in correspondence with the high or low of the 
voltage, and checking the information. 

As shown in Fig. 3, a SRAM cell is composed of a 
flip-flop circuit to store data and two transfer MIS 
transistors Qt . By applying a voltage to the word line 
WL to turn on the transfer MIS transistors Qt, the data 
are exchanged between the data line pair D, /D and the 
flip-flop circuit. The flip-flop circuit is configured 
with two inverters in which the input of one inverter 
is connected to the output of the other inverter, and 
the output of the one is connected to the input of the 
other. The inverters are made up with load elements Lo 
and drive MIS transistors Qd. The load element Lo can 
be made of a MIS transistor or a resistance element, for 
example, a polycry s t a 1 1 ine silicon film. 

During data writing, the high voltage (H) is applied 
to one of the data line pair D, /D, and the low voltage 
(L) is applied to the other to give these voltages to 
a pair of nodes N lf N 2 . The two combinations of these 
voltages to be given (D, /D are given H, L or L, H, 
respectively) are associated with the binary write data. 
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The data reading is performed by detecting the voltages 
appearing on the data line pair D, /D in correspondence 
with the combinations of the high and low of the voltages 

at the nodes N lf N 2 - 

Next, an example of the semiconductor integrated 
circuit device being the embodiment 1 will be described 
by using the sectional views of the major part of the 
semiconductor substrate, illustrated in Fig. 4 through 
Fig- 7. Fig. 4 illustrates an n-channel MIS transistor 
formed in the memory region; Fig. 5 the n-channel MIS 
transistor formed in the logic region; Fig. 6 the n- 
channel MIS transistor formed in the I/O region; and Fig. 
7 the n-channel MIS transistor forming a capacitance 
element . 

First, an n-channel MIS transistor Q 1 formed in the 
memory region will be described with Fig. 4. As an 
example for the n-channel MIS transistor Ql can be quoted 
the selection MIS transistor Q being a constituent of 
the DRAM cell mentioned in Fig. 2, and the transfer MIS 
transistor Qt and the drive MIS transistor Qd being 
constituents of the SRAM cell mentioned in Fig. 3. And, 
the threshold voltage (Vth) of the n-channel MIS 
transistor Q, is comparably high, which can be regarded 
as, for example, about 0.4 Volt. In case of using two 
kinds of supply voltages, for example, the operation 
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voltage (Vcc) applied to the n-channel MIS transistor 
Q x is a low voltage, which can be set to, for example, 
about 0.85 Volt . 

The n-channel MIS transistor Q l is formed in an 
active region surrounded by device isolation sections 
formed on a p- 1 ype semiconductor substrate 1. The device 
isolation sections are made up with shallow trenches 2 
formed on the semiconductor substrate 1, and a silicon 
oxide film 3 embedded therein. On the surface of the 
semiconductor substrate 1, a pair of n-type 
semiconductor regions 12 forms the source and the drain. 

A gate insulating film 8 formed of a high dielectric 
constant insulating film 7 is formed on the semiconductor 
substrate 1, on which a gate electrode (conductive piece) 
11 formed of a polycr y s t al 1 ine silicon film 10 is formed. 
The high dielectric constant insulating film 7 is formed 
on substantially the whole surface of the active regions 
and the device isolation sections overlying the 
semiconductor substrate 1. A spacer (sidewall 
insulating film) 13 made of, for example, a silicon oxide 
film is formed on the sidewall of the gate electrode 11, 
and a silicide layer 14 is formed on the gate electrode 
11 . 

To cover substantially the whole surface of the 
semiconductor substrate 1, a SAC ( self -aligned contact) 
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insulating film 15 and an interlayer insulating film 16 
are formed in the order from the lower layer. The SAC 
insulating film 15 can be made of, for example, a silicon 
nitride film; the interlayer insulating film 16 can be 
made of, for example, a silicon oxide film. The SAC 
insulating film 15 functions as an etching stopper layer 
for the interlayer insulating film 16. 

However, in case the high dielectric constant insulating 
film 7 can be used as an etching stopper layer for the 
interlayer insulating film 16, it is not necessary to 
form the SAC insulating film 15. 

Contact holes 17a are formed through the interlayer 
insulating film 16, the insulating film 15, and the high 
dielectric constant insulating film 7 on the same layer 
as the gate insulating film 8, to reach a pair of the 
n-type semiconductor regions 12. Wires 19 are connected 
to a pair of the n-type semiconductor regions 12 through 
plugs (conductive pieces) 18 buried in the contact holes 
17a. As a shape of the hole to bury the plug 18, a 
circular contact hole is preferred because of the 
necessity of reducing the parasitic capacitance. 
However, a slot shape may be adopted which is formed to 
bridge the n-type semiconductor regions 12 forming the 
source and the drain and the device isolation sections. 
In this case, conductive films to be buried in this slot 
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can also be used as local wirings. 

Next, an n-channel MIS transistor Q 2 formed in the 
logic region will be described with Fig. 5. The 
threshold voltage (Vth) of the n-channel MIS transistor 
Q 2 is comparably low, which can be regarded as, for 
example, about 0.1 Volt. In case of using two kinds of 
supply voltages, for example, the operation voltage 
(Vcc) applied to the n-channel MIS transistor Q 2 is a low 
voltage, which can be set to, for example, about 0.85 
Volt . 

The n-channel MIS transistor Q 2 is formed, in the 
same manner as the n-channel MIS transistor Q lf in the 
active region surrounded by the device isolation 
sections formed on the p-type semiconductor substrate 
1. On the surface of the semiconductor substrate 1, a 
pair of the n-type semiconductor regions 12 forms the 
source and the drain. Further, the gate insulating film 
8 formed of the high dielectric constant insulating film 
7 is formed on the semiconductor substrate 1, on which 
the gate electrode 11 formed of the polycrystalline 
silicon film 10 is formed. The spacer 13 and the silicide 
layer 14 are formed on the sidewall and on the upper 
surface of the gate electrode 11, respectively. 

However, the high dielectric constant insulating 
film 7 is formed only in a region surrounded by the gate 
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electrode 11, the spacer 13, and the semiconductor 
substrate 1, which makes up the gate insulating film 8. 
The silicide layers 14 for lowering the resistance are 
formed on a pair of the n-type semiconductor regions 12. 

To cover substantially the whole surface of the 
semiconductor substrate 1, the SAC insulating film 15 
and the interlayer insulating film 16 are formed in the 
order from the lower layer. Contact holes 17 are formed 
through the interlayer insulating film 16 and the 
insulating film 15, to reach the silicide layers 14 on 
a pair of the n-type semiconductor regions 12. Wires 19 
are connected to the silicide layers 14 on a pair of the 
n-type semiconductor regions 12 through the plugs 18 
buried in the contact holes 17. 

Next, an n-channel MIS transistor Q 3 formed in the 
I/O region will be described with Fig. 6. The threshold 
voltage (Vth) of the n-channel MIS transistor Q 3 is 
comparably high, which can be regarded as, for example, 
about 0.4 Volt. in case of using two kinds of supply 
voltages, for example, the operation voltage (Vcc) 
applied to the n-channel MIS transistor Q 3 is a high 
voltage, which can be set to, for example, about 1.5 Volt. 

The n-channel MIS transistor Q 3 is formed, in the 
same manner as the n-channel MIS transistor Q l# in the 
active region surrounded by the device isolation 
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sections formed on the p-type semiconductor substrate 
1. On the surface of the semiconductor substrate 1, a 
pair of the n-type semiconductor regions 12 forms the 
source and the drain. 

However, a gate insulating film 9 of a laminated 
structure made of a silicon oxide film 6 and the high 
dielectric constant insulating film 7 is formed on the 
semiconductor substrate 1. The gate electrode 11 of the 
polycryst alline silicon film 10 is formed on the gate 
insulating film 9. And, the laminated layer (the silicon 
oxide film 6 and the high dielectric constant insulating 
film 7) is formed only in a region surrounded by the gate 
electrode 11, the spacer 13, and the semiconductor 
substrate 1, which makes up the gate insulating film 9. 
The silicide layers 14 are formed on a pair of the n-type 
semiconductor regions 12. 

To cover substantially the whole surface of the 
semiconductor substrate 1, the SAC insulating film 15 
and the interlayer insulating film 16 are formed in the 
order, from the lower layer. The contact holes 17 are 
formed through the interlayer insulating film 16 and the 
insulating film 15, to reach the silicide layers 14 on 
a pair of the n-type semiconductor regions 12. The wires 
19 are connected to the silicide layers 14 on a pair of 
the n-type semiconductor regions 12 through the plugs 
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18 buried in the contact holes 17. 

Next, an n-channel MIS transistor Q< forming the 
capacitance element will be described with Fig. 7. In 
case of using two kinds of supply voltages, for example, 
the operation voltage (Vcc) applied to the n-channel MIS 
transistor Q 4 is a low voltage, which can be set to, for 
example, about 0.85 Volt. 

The n-channel MIS transistor Q 4 has substantially 
the same structure as the n-channel MIS transistor Qj . 
However, in the active region that forms the n-channel 
MIS transistor Q 4 , an n-well 4a can be formed in addition 
to a p-well of the same conductive type as the 
semiconductor substrate 1. And, the operation voltage 
(Vcc) is applied to the gate electrode 11, and a pair 
of the n-type semiconductor regions 12 is connected to 
the ground voltage. 
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[Table 1] 





I/O region 


Logic 
region 


Memory 
region 


Capaci t anc 
e element 


Vcc 


1 . 5V 


0 . 85V 


0 . 85V 


0 . 85V 


Vth 


High (0 . 4V) 


Low (0.1V) 


High 
(0 . 4V) 





Gate 

insulating 
film 


High-k/SiO 


High-k 


High-k 


High-k 


Si 1 icide 
layer 


Included 


Included 


Not 

included 


Included 


SAC 

insulating 
film 


SiN 

(Optional ) 


SiN 

( Optional ) 


SiN or 
High-k 


SiN 

(Optional ) 


Shape of 

contact 

hole 


Circular 


Circular 


Circular 
or slot 


Circular 



High-k: high dielectric constant insulating film 
SiO: silicon oxide film 
SiN: silicon nitride film 



Table 1 gives a brief summary of the construction 
of the MIS transistor in the memory region, MIS 
transistor in the logic region, MIS transistor in the 
I/O region, and MIS transistor forming the capacitance 
element. 

In the MIS transistor in the memory region, MIS 
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transistor in the logic region, and MIS transistor 
forming the capacitance element to which a low voltage 
is applied in correspondence with the two kinds of supply 
voltages, the gate insulating film is made of the high 
dielectric constant insulating film; in the MIS 
transistor in the I/O region, the gate insulating film 
is made of the laminated film composed of the silicon 
oxide film and the high dielectric constant insulating 
film. 

And, the silicide layers are formed on the upper 
surfaces of a pair of the n-type semiconductor regions 
that form the sources and the drains of the MIS 
transistors in the logic region, MIS transistors in the 
I/O region, and MIS transistors forming the capacitance 
elements; however, the silicide layers are not formed 
on the upper surfaces of a pair of the n-type 
semiconductor regions that form the sources and the 
drains of the MIS transistors in the memory region. 

When the circumstances need the SAC technique that 
permits an alignment dislocation between the contact 
holes and the gate electrode, the SAC insulating film 
is formed beneath the interlayer insulating film, which 
has a high etching selection ratio against the interlayer 
insulating film and functions as an etching stopper layer. 
For example, the interlayer insulating film is formed 
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of a silicon oxide film, and the SAC insulating film is 
formed of a silicon nitride film. When the circumstances 
do not need the SAC technique (described in the 
embodiment 2), the SAC insulating film is not formed, 
however the high dielectric constant insulating film of 
the same layer as the gate insulating film can be served 
as an etching stopper layer. 

As a shape of the hole in which the plug is buried, 
a circular contact hole is preferred because of the 
necessity of reducing the parasitic capacitance in any 
MIS transistors. However, the memory region admits the 
slot form as well. 

Next, one example of the method for manufacturing 
the semiconductor integrated circuit device being the 
embodiment 1 will be explained in the process order with 
reference to the sectional views of the major part of 
the semiconductor substrate, illustrated in Fig. 8 
through Fig. 19. It is assumed that the semiconductor 
circuit device is supplied with two kinds of supply 
voltages, the memory region and the logic region are 
given a low voltage, and the I/O region is given a high 
voltage . 

As shown in Fig. 8, first the semiconductor 
substrate 1 is prepared which is made of a p-type silicon 
monocrystal with a specific resistance of about 10 Q 
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cm, and the shallow trenches 2 are formed on the principal 
plane of the semiconductor substrate 1. Thereafter, a 
thermal oxidation processing is applied to the 
semiconductor substrate 1, and the silicon oxide film 
3 is deposited to overlie the semiconductor substrate 
1. Then, the deposited layer is polished by means of the 
CMP (chemical mechanical polishing) method so as to leave 
the silicon oxide film 3 inside the shallow trenches 2, 
thereby forming the device isolation sections. Next, a 
heat treatment is applied to the semiconductor substrate 
1 under about 1000°C to thereby fasten the silicon oxide 
film 3 embedded in the device isolation sections. 

Next, boron ions are implanted into the 
semiconductor substrate 1, as the p-type impurities, to 
form the p-type well 4 . Subsequently, ions of impurities 
are implanted to form a punch-through stopper layer 5, 
thereby restraining the short channel effect. And, 
after the surface of the semiconductor substrate 1 is 
washed with aqueous solution of the hydrofluoric acid 
system, the silicon oxide film 6 having the thickness 
of about 1.5 nm is formed on the surface of the 
semiconductor substrate 1. The silicon oxide film 6 can 
be formed by means of the thermal oxidation method or 
the thermal CVD (chemical vapor deposition) method. 

Next, as shown in Fig. 9, the silicon oxide film 
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6 is removed from the memory region Al and logic region 
A2 by serving a patterned resist film as a mask, thereby 
leaving the silicon oxide film 6 on the I/O region A3. 

Next, as shown in Fig. 10, the high dielectric 
constant insulating film 7, for example, an alumina film 
or a titanium oxide film is formed to overlie the 
semiconductor substrate 1. The high dielectric 
constant insulating film 7 can be deposited by means of 
the spattering method. The thickness of the high 
dielectric constant insulating film 7 formed to overlie 
the semiconductor substrate 1 is set so that the 
effective thickness thereof becomes about 1 nm. In case 
of an alumina film or a titanium oxide film, the film 
is deposited to about 2 nm thick in consideration of the 
relative dielectric constant. Thereby, the gate 
insulating film 8 made of the high dielectric constant 
insulating film 7 having the effective film thickness 
of about 1 nm is formed in the memory region Al and logic 
region A2 to which a low voltage is applied; and the gate 
insulating film 9 composed of a laminated film of the 
silicon oxide film 6 and the high dielectric constant 
insulating film 7 having the effective film thickness 
of about 2.5 nm is formed in the I/O region A3 to which 
a high voltage is applied. 

Next, as shown in Fig. 11, the polycrystalline 
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silicon film 10 with impurities added is deposited by 
means of the CVD method, to overlie the semiconductor 
substrate 1. The thickness of the polycrystalline 
silicon film 10 is about 140 nm, and the sheet resistance 
thereof is about 100 Q/D. Next, the polycrystalline 
silicon film 10 is etched by using a patterned resist 
film as a mask to form the gate electrodes 11 of the MIS 
transistors in the memory region Al, logic region A2 , 
and I/O region A3. Thereafter, the dry oxidation 
processing of about 800 °C is applied to the 
semiconductor substrate 1. 

Next, as shown in Fig. 12, the ion implantation of 
n-type impurity, for example, arsenic is executed to the 
p-well 4 with the gate electrodes 11 served as a mask, 
thereby forming diffusion regions 12a that constitute 
parts of the sources and the drains of the MIS transistors 
in the memory region Al, logic region A2 , and I/O region 
A3. The arsenic ions are implanted under the energy 3keV 
and the dose 1x1015 cm-2 . Although not illustrated here, 
the ion implantation of p-type impurity, for example, 
boron may be executed to the p-well 4 with the gate 
electrodes 11 served as a mask, thereby forming pocket 
regions underneath the diffusion regions 12a, which 
effect to restrain expansions of the depletion layers 
in the source and drain regions to thereby suppress the 
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punch through. 

Next, the silicon oxide film is deposited to overlie 
the semiconductor substrate 1 by the CVD method, and then 
the silicon oxide film is etched back by the plasma 
etching, thereby forming the spacers 13 on the sidewalls 
of the gate electrodes 11 of the MIS transistors in the 
memory region Al, logic region A2, and I/O region A3. 
In the plasma etching, the high dielectric constant 
insulating film 7 functions as an etching stopper layer, 
which prevents damages to the semiconductor substrate 
1 . 

Next, as shown in Fig. 13, the ion implantation of 
n-type impurity, for example, arsenic is executed to the 
p-well 4 with the gate electrodes 11 and the spacers 13 
served as a mask, thereby forming diffusion regions 12b 
that constitute the other parts of the sources and the 
drains of the MIS transistors in the" memory region Al, 
logic region A2, and I/O region A3. The arsenic ions are 
implanted under the energy 45keV and the dose 2*10 15 cm" 2 . 

Next, as shown in Fig. 14, after covering the memory 
region Al with a resist film, the high dielectric 
constant insulating film 7 in the logic region A2 exposed 
over the semiconductor substrate 1, and the laminated 
film composed of the silicon oxide film 6 and the high 
dielectric constant insulating film 7 in the I/O region 
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A3 are removed by the spattering etching. Thereby, the 
surfaces of the diffusion regions 12b in the logic region 
A2 and I/O region A3 are exposed. The spattering etching 
is not applied to the high dielectric constant insulating 
film 7 in the memory region Al to leave it over the 
semiconductor substrate 1, thereby preventing damages 
to the semiconductor substrate 1 in the memory region 
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And, after removing the resist film, a high melting 
point metal film, for example, a cobalt film of about 
10 to 20 nm thick is deposited to overlie the 
semiconductor substrate 1 by the spattering method. 

Next, as shown in Fig. 15, the heat treatment of 
500 to 600°C is applied to the semiconductor substrate 
1 to form the silicide layers 14 selectively on the 
surfaces of the gate electrodes 11 of the MIS transistors 
in the memory region Al, on the surfaces of the gate 
electrodes 11 and the diffusion regions 12b of the MIS 
transistors in the logic region A2 , and on the surfaces 
of the gate electrodes 11 and the diffusion regions 12b 
of the MIS transistors in the I/O region A3. After this 
processing, the un-reacted cobalt film is removed by the 
wet etching; subsequently the heat treatment of 700 to 
800°C is applied to the semiconductor substrate 1 to 
reduce the resistances of the silicide layers 14. The 
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thickness of the silicide layers 14 after the heat 
treatment is about 30 nm, and the sheet resistance 
thereof is about 4 Q /□ . To form the silicide layers 
14 on the surfaces of the diffusion regions 12b in the 
logic region A2 and I/O region A3 lowers the resistances 
of the diffusion regions 12b, which prompts to increase 
the operation speed of the logic circuit especially in 
the logic region A2. On the other hand, not to form the 
silicide layers on the surfaces of the diffusion regions 
12b in the memory region Al prevents damages to the 
semiconductor substrate 1 in the memory region Al . 

Next, as shown in Fig. 16, the SAC insulating film 
15, for example, a silicon nitride film is deposited to 
overlie the semiconductor substrate 1 by the plasma CVD 
method. When the alignment margin of the device 
isolation sections and the contact holes formed at the 
subsequent process is insufficient, the SAC technique 
that permits an alignment dislocation is used. 

Next, as shown in Fig. 17, the interlayer insulating 
film 16, for example, a silicon oxide film is formed to 
overlie the semiconductor substrate 1. Subsequently, 
the interlayer insulating film 16 is etched by using a 
patterned resist film as a mask and using the insulating 
film 15 as an etching stopper layer. This etching adopts 
the etching condition under which the etching speed of 
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the interlayer insulating film 16 becomes higher than 
the etching speed of the insulating film 15. Next, the 
insulating film 15 is etched. This etching adopts the 
etching condition under which the etching speed of the 
insulating film 15 becomes higher than the etching speed 
of the high dielectric constant insulating film 7 , and 
makes the high dielectric constant insulating film 7 
function as an etching stopper layer in the memory region 
Al . 

Thus, the contact holes 17 are formed in the logic 
region A2 and 1/0 region A3, to reach the silicide layers 
14 formed on the surfaces of the diffusion regions 12b 
of the MIS transistors, and the contact holes 17 are 
formed to reach the high dielectric constant insulating 
film 7 in the memory region Al . The the contact holes 
17 can be made circular, of which diameter is about 0.14 
jam . 

Although not illustrated, the contact holes are 
simultaneously formed which reach the silicide layers 
14 on the gate electrodes 11 of the MIS transistors in 
the memory region Al, logic region A2 , and I/O region 
A3 . 

Next, as shown in Fig. 18, after covering the logic 
region A2 and the I/O region A3 with a resist film, the 
high dielectric constant insulating film 7 on the bottoms 
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of the contact holes 17 in the memory region Al is removed 
by the spattering etching, thereby forming the contact 
holes 17a that reach the diffusion regions 12b of the 
MIS transistors. 

Now, the contact holes 17 in the logic region A2 
and I/O region A3 and the contact holes 17a in the memory 
region Al may be formed in different processes. The 
following process may be adopted as an example. The 
interlayer insulating film 16 and the insulating film 
15 in the logic region A2 and I/O region A3 are 
sequentially etched with a patterned resist film served 
as a mask to form the contact holes 17; and then, the 
interlayer insulating film 16, the insulating film 15, 
and the high dielectric constant insulating film 7 in 
the memory region Al are sequentially etched to form the 
contact holes 17a. 

Next, as shown in Fig. 19, after removing the above 
resist film; a titanium nitride film is deposited to 
overlie the whole semiconductor substrate 1 including 
the insides of the contact holes 17, 17a, for example, 
by the CVD method. Further, a metal film to bury the 
contact holes 17, 17a, for example, a tungsten film is 
formed. The tungsten film can be deposited by the CVD 
method or spattering method. Subsequently, the 
titanium nitride film and the metal film lying in the 



31 



other areas than the contact holes 17, 17a are removed, 
for example, by the CMP method to form the plugs 18 inside 
the contact holes 17, 17a. 

Subsequently, after forming a metal film, for 
example, a tungsten film to overlie the semiconductor 
substrate 1, the metal film is processed through the 
etching that serves a patterned resist film as a mask, 
thereby forming the wires 19. At this stage, the 
semiconductor integrated circuit device of the 
embodiment 1 is formed virtually completely. Further, 
the upper layer wires may be formed as needed. 

Thus, according to the embodiment 1, the high 
dielectric constant insulating film 7 on the diffusion 
regions 12b of the MIS transistors in the logic region 
A2 and I/O region A3 is removed, and on the surfaces 
thereof, the silicide layers 14 are formed to thereby 
lower the resistances of diffusion regions 12b and 
increase the operation speed. On the other hand, the 
silicide layers 14 are not formed on the diffusion 
regions 12b of the MIS transistors in the memory region 
Al, and the diffusion regions 12b are covered with the 
high dielectric constant insulating film 7, which makes 
it possible to prevent damages to the semiconductor 
substrate 1 during forming the spacers 13, silicide 
layers 14, and contact holes 17, and to reduce the 
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junction leakage currents flowing across the memory 
cells . 

[Embodiment 2] 

Another example of the semiconductor integrated 
circuit device being the embodiment 2 will be described 
by using the sectional views of the major part of the 
semiconductor substrate, illustrated in Fig. 20 and Fig. 
21 . 

Fig. 20 illustrates the n-channel MIS transistors 
in the memory region Al, logic region A2 , and I/O region 
A3, which has completed forming the silicide layers 14 
through the self -aligning process. In the 
semiconductor integrated circuit device of the 
embodiment 2, the gate insulating films 8, 9, gate 
electrodes 11, n-type semiconductor regions (diffusion 
regions) 12a, 12b, spacers 13, and silicide layers 14 
are formed in the same manner as the manufacturing method 
having already been described in the embodiment 1 with 
Fig. 1 through Fig. 15. 

However, it is possible to set the distances Lb from 
the spacers 13 to the device isolation sections of the 
MIS transistors in the logic region A2 and I/O region 
A3 larger than the distances La from the spacers 13 to 
the device isolation sections of the MIS transistors in 
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the memory region Al that a higher integration is 
requested to, and to set comparably larger the alignment 
margin between the contact holes 17 and the device 
isolation sections in the logic region A2 and I/O region 
A3 . 

Therefore, the diffusion regions 12b of the MIS 
transistors in the memory region Al, logic region A2, 
and I/O region A3 are formed through the sel f -aligning 
to the spacers 13; accordingly, the widths of the 
diffusion regions 12b of the MIS transistors in the logic 
region A2 and I/O region A3 become larger than the widths 
of the diffusion regions 12b of the MIS transistors in 
the memory region Al . Since the widths of the spacers 
13 are the same in the MIS transistors in the memory region 
Al, logic region A2 , and I/O region A3, the distances 
from the gate electrodes 11 to the device isolation 
sections of the MIS transistors in the logic region A2 
and I/O region A3 become larger than the distances from 
the gate electrodes 11 to the device isolation sections 
of the MIS transistors in the memory region Al . 

Fig. 21 illustrates the MIS transistors in the 
memory region Al, logic region A2 , and I/O region A3, 
which has completed forming the wires 19 through the 
subsequent process . 

As illustrated in the drawing, without using the SAC 
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technique, namely, without forming the insulating film 
that functions as an etching stopper layer (the 
insulating film 15 in the embodiment 1) for the 
interlayer insulating film 16 in the logic region A2 and 
I/O region A3, the contact holes 17 are formed in the 
interlayer insulating film 16. In the memory region Al, 
on the other hand, the contact holes 17 are formed by 
serving the high dielectric constant insulating film 7 
on the same layer as the gate insulating film 8 as an 
etching stopper layer for the interlayer insulating film 
16. Thereafter, the contact holes 17a that reach the 
diffusion regions 12b of the MIS transistors are formed 
through removing the high dielectric constant insulating 
film 7 lying on the bottoms of the contact holes 17 by 
the spattering etching. 

Thus, according to the embodiment 2, in case the 
alignment margin between the contact holes 17 and the 
device isolation sections can be taken comparably larger 
in the logic region A2 and I/O region A3, the SAC 
insulating film 15 may not be formed over the 
semiconductor substrate 1. In the memory region Al, on 
the other hand, since the high dielectric constant 
insulating film 7 on the same layer as the gate insulating 
film 8 functions as an etching stopper layer for the 
interlayer insulating film 16, even if parts of the 
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contact holes 17 are formed on the silicon oxide film 
3 forming the device isolation sections because the 
alignment margin in the memory region Al is comparably 
small, the silicon oxide film 3 can be prevented from 
being shaved. 

[Embodiment 3] 

Another example of the semiconductor integrated 
circuit device being the embodiment 3 will be described 
by using the sectional view of the major part of the 
semiconductor substrate, illustrated in Fig. 22. 

Fig. 22 illustrates the n-channel MIS transistor 
in the memory region Al of the semiconductor integrated 
circuit device. 

An n-channel MIS transistor Q 5 is formed, in the 
same manner as the n-channel MIS transistor Q x 
illustrated in Fig. 4 in the embodiment 1, in an active 
region surrounded by device isolation sections. A pair 
of n-type semiconductor regions 12 forms the source and 
drain of the n-channel MIS transistor Q 5 , and the high 
dielectric constant insulating film 7 forms the gate 
insulating film 8. The contact holes 17a are formed 
through the high dielectric constant insulating film 7 
on the same layer as the gate insulating film 8 formed 
to cover substantially the whole surface of the 
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semiconductor substrate 1, the insulating film 15, and 
the interlayer insulating film 16. The wires 19 are 
connected to a pair of the n-type semiconductor regions 
12 through the plugs 18 embedded in the contact holes 
17a . . 

The gate electrode 11 is formed in a laminated 
structure in which a silicon germanium layer 20 and a 
polycrystalline silicon film 21 are deposited 
sequentially from the lower layer. 

The solid solubility of silicon germanium 
conductive impurities, for example, boron of the p-type 
impurities is higher than that of silicon; therefore, 
to increase the carrier density in the silicon germanium 
layer 20 will make it possible to prevent depletion of 
the carriers in the gate electrode 11, and to reduce 
contact resistances. And, to form the polycrystalline 
silicon film 21 on the upper layer of the silicon 
germanium layer 20 will make it possible to prompt the 
silicif icat ion reaction, and to form the silicide layer 
14 on the gate electrode 11. 

The embodiment 3 describes the case in which the 
invention is applied to the MIS transistor in the memory 
region Al; however, it is also possible to apply the 
invention to the MIS transistors in the logic region A2 
and I/O region A3, and to form the gate electrode 11 in 
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a structure in which the silicon germanium layer 20 and 
polycrystalline silicon film 21 are laminated 
sequentially from the lower layer. 

As described above, the invention has been 
described concretely based on the embodiments . However , 
the invention is not limited to the above embodiments, 
and it should be well understood that various changes 
and variations are possible without a departure from the 
spirit and scope of the invention. 

For example, the invention is applied to the n- 
channel MIS transistors in the above embodiments; 
however, it can be applied to the p-channel MIS 
transistors . 

The typical effects obtained by the invention 
disclosed in this application will be shown in brief. 

In a circuit region to which a high-speed 
performance is desired, for example, the logic region 
and I/O region, it is possible to achieve the high-speed 
performance by removing the high dielectric constant 
insulating film on the semiconductor region forming the 
sources and drains of the MIS transistors, and forming 
the silicide layers of a low resistance oh the surface 
of the semiconductor region. On the other hand, in a 
circuit region to which a high reliability is desired, 
for example, the memory region, it is possible to prevent 
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the damages to the semiconductor substrate in the 
processes of forming the spacers, silicide layers, and 
contact holes, and attain the high reliability, by not 
forming the silicide layers on the semiconductor region 
forming the sources and drains of the MIS transistors, 
and covering the semiconductor region with the high 
dielectric constant insulating film. 
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What Is Claimed Is : 

1. A method for manufacturing a semiconductor 
integrated circuit device, comprising the steps of: 

(a) forming plural trenches on a surface of a 
semiconductor substrate of a first conductive type, and 
forming a first insulating film inside the plural 
trenches ; 

(b) forming a second insulating film of which 
relative dielectric constant is higher than that of the 
first insulating film on the surface of the semiconductor 
substrate; 

(c) forming a first conductive piece on the second 
insulating film; and 

(d) introducing first impurities of a second 
conductive type opposite to the first conductive type 
into the surface of the semiconductor substrate, in a 
state that the second insulating film is left in a region 
of both ends of the first conductive piece . 

2. A method for manufacturing a semiconductor 
integrated circuit device according to Claim 1, further 
comprising the steps of: 

(e) forming a third insulating film to overlie the 
semiconductor substrate; and 

(f) applying anisotropic etching to the third 
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insulating film to form a sidewall insulating film on 
sidewalls of the first conductive piece; 

wherein, after applying the anisotropic etching, 
the surface of the semiconductor substrate is covered 
with the second insulating film. 

3. A method for manufacturing a semiconductor 
integrated circuit device according to Claim 2, wherein 
the third insulating film is made of an oxide film. 

4 . A method for manufacturing a semiconductor 
integrated circuit device according to Claim 2, further 
comprising the step of: 

(g) introducing second impurities of the second 
conductive type, in a state that the second insulating 
film is left in a region between the sidewall insulating 
film on the surface of the semiconductor substrate and 
the first insulating film. 

5. A method for manufacturing a semiconductor 
integrated circuit device according to Claim 4, further 
comprising' the steps of: 

(h) removing the second insulating film from the 
region between the sidewall insulating film on the 
surface of the semiconductor substrate and the first 
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insulating film; and 

(i) depositing a high melting point metal film to 
overlie the semiconductor substrate, and selectively 
forming a silicide layer in the region between the 
sidewall insulating film on the surface of the 
semiconductor substrate and the first insulating film. 

6. A method for manufacturing a semiconductor* 
integrated circuit device according to Claim 1, wherein 
the first conductive piece has a silicon germanium film 
and a silicon film laminated sequentially from the lower 
layer. 

7. A method for manufacturing a semiconductor 
integrated circuit device, comprising the steps of: 

(a) preparing a semiconductor substrate of a first 
conductive type, having a first region and a second 
region on a surface thereof; 

(b) forming plural trenches on the surface of the 
semiconductor substrate in the first region and the 
second region, and forming a first insulating film inside 
the plural trenches; 

(c) forming a second insulating film of which 
relative dielectric constant is higher than that of the 
first insulating film on the surface of the semiconductor 
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substrate in the first region and the second region; 

(d) forming a first conductive piece on the second 
insulating film in the first region, and forming a second 
conductive piece on the second insulating film in the 
second region; 

(e) introducing first impurities of a second 
conductive type opposite to the first conductive type 
into the surface of the semiconductor substrate, in a 
region of both ends of the first conductive piece and 
a region of both ends of the second conductive piece; 

(f ) removing the second insulating film, except at 
least a lower layer of the first conductive piece and 
the second region; 

(g) depositing a high melting point metal film to 
overlie the semiconductor substrate; and 

(h) selectively forming a silicide layer in a region 
between the first conductive piece on the surface of the 
semiconductor substrate and the first insulating film, 
in the first region. 

8 . A method, for manufacturing a semiconductor 
integrated circuit device according to Claim 7, further 
comprising between the steps (e) and (f) the steps of: 

(i) forming a third insulating film to overlie the 
semiconductor substrate; and 
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(j) applying anisotropic etching to the third 
insulating film to. form a first sidewall insulating film 
on sidewalls of the first conductive piece, and a second 
sidewall insulating film on sidewalls of the second 
conductive piece. 

9. A method for manufacturing a semiconductor 
integrated circuit device according to Claim 8, further 
comprising between the steps (i) and (j) the step of: 

(k) introducing second impurities of the second 
conductive type, in a region between the first sidewall 
insulating film on the surface of the semiconductor 
substrate and the first insulating film, and a region 
between the second sidewall insulating film and the first 
insulating film. 

10. A method for manufacturing a semiconductor 
integrated circuit device according to Claim 7, further 
comprising between the steps (b) and (c) the step of: 

(1) forming a silicon oxide film on the surface of 
the semiconductor substrate in the first region; 

wherein, in the first region, the second insulating 
film is formed to overlie the semiconductor substrate 
with intervention of the silicon oxide film, and in the 
second region, the second insulating film is formed on 
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the surface of the semiconductor substrate without 
intervention of the silicon oxide film. 

11. A method for manufacturing a semiconductor 
integrated circuit device according to Claim 7, wherein 
the first and second conductive pieces have a silicon 
germanium film and a silicon film laminated sequentially 
from the lower layer. 

12. A method for manufacturing a semiconductor 
integrated circuit device according to Claim 7, further 
comprising the steps of: 

(m) depositing a third insulating film in the first 
and second regions; 

(n) applying etching to the third insulating film 
to form a first contact hole in a region between the first 
conductive piece and the first insulating film, in the 
first region; 

(o) applying etching to the third insulating film 
to form a second contact hole in a region between the 
second conductive piece and the first insulating film, 
in the second region; and 

(p) forming a third conductive piece in the first 
contact hole, and a fourth conductive piece in the second 
contact hole. 
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13. A method for manufacturing a semiconductor 
integrated circuit device according to Claim 12, wherein 
a distance between the first conductive piece and the 
first insulating film in the first region is larger than 
a distance between the second conductive piece and the 
first insulating film in the second region. 

14. A method for manufacturing a semiconductor 
integrated circuit device according to Claim 13, wherein 
a part of the second contact hole overlaps with the first 
insulating film in the second region. 

15. A method for manufacturing a semiconductor 
integrated circuit device according to Claim 13, wherein 
the first and third insulating films are made of a silicon 
oxide film. 

16. A method for manufacturing a semiconductor 
integrated circuit device according to Claim 12, wherein 
the third insulating film has a silicon nitride film and 
a silicon oxide film laminated sequentially from the 
lower layer. 

17. A method for manufacturing a semiconductor 
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integrated circuit device according to Claim 12, wherein 
a plane form of the third conductive piece is smaller 
than the plane form of the fourth conductive piece. 

18. A method for manufacturing a semiconductor 
integrated circuit device according to Claim 12, further 
comprising between the steps (b) and (c) the step of: 

(1) forming a silicon oxide film on the surface of 
the semiconductor substrate in the first region; 

wherein, in the first region, the second insulating 
film is formed to overlie the semiconductor substrate 
with intervention of the silicon oxide film, and in the 
second region, the second insulating film is formed on 
the surface of the semiconductor substrate without 
intervention of the silicon oxide film. 

19. A method for manufacturing a semiconductor 
integrated circuit device, comprising the steps of: 

(a) forming plural trenches on a surface of a 
semiconductor substrate of a first conductive type, and 
forming a first insulating film inside the plural 
trenches ; 

(b) forming a second insulating film of which 
relative dielectric constant is higher than that of the 
first insulating film on the surface of the semiconductor 

47 



• 



substrate ; 

(c) forming a first conductive piece on the second 
insulating film; 

(d) introducing first impurities of a second 
conductive type opposite to the first conductive type 
into the surface of the semiconductor substrate, in a 
state that the second insulating film is left in a region 
of both ends of the first conductive piece, in order to 
form a first conductive region; 

(e) forming a third insulating film to overlie the 
semiconductor substrate; 

(f) applying etching to the third and second 
insulating films to form a contact hole on the first 
semiconductor region; and 

(g) forming a second conductive piece in the contact 

hole; 

wherein the etching of the step (f ) includes a first 
etching that etches the third insulating film on the 
condition that the etching speed of the third insulating 
film is higher than that of the second insulating film, 
and a second etching that etches the second insulating 
film on a different condition from the first etching. 

20. A method for manufacturing a semiconductor 
integrated circuit device according to Claim 19, wherein 
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the first and third insulating films are made of a silicon 
oxide film. 
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ABSTRACT 

The invention provides a method that forms a circuit 
to achieve a high-speed performance and a circuit to 
attain a high reliability on one and the same substrate, 
in a semiconductor integrated circuit device containing 
MIS transistors in which the gate insulating film is made 
of a high dielectric constant insulating film. The 
method removes the high dielectric constant insulating 
film on the diffusion regions of the MIS transistors in 
the logic region and I/O region, and forms the silicide 
layers of a low resistance on the surfaces of the 
diffusion regions. In the memory region, on the other 
hand, it does not form the silicide layers on the 
diffusion regions of the MIS transistors, and covers the 
diffusion regions with the high dielectric constant 
insulating film, thereby preventing damages to the 
semiconductor substrate during forming the spacers, 
silicide layers, and contact holes. 
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